Global models estimate that the anthropogenic component of atmospheric nitrogen (N) deposition to the ocean accounts for up to a third of the ocean's external N supply and 10% of anthropogenic CO 2 uptake. However, there are few observational constraints from the marine atmospheric environment to validate these findings. Due to the paucity of atmospheric organic N data, the largest uncertainties related to atmospheric N deposition are the sources and cycling of organic N, which is 20-80% of total N deposition. We studied the concentration and chemical composition of rainwater and aerosol organic N collected on the island of Bermuda in the western North Atlantic Ocean over 18 mo. Here, we show that the water-soluble organic N concentration ([WSON]) in marine aerosol is strongly correlated with surface ocean primary productivity and wind speed, suggesting a marine biogenic source for aerosol WSON. The chemical composition of high-[WSON] aerosols also indicates a primary marine source. We find that the WSON in marine rain is compositionally different from that in concurrently collected aerosols, suggesting that in-cloud scavenging (as opposed to below-cloud "washout") is the main contributor to rain WSON. We conclude that anthropogenic activity is not a significant source of organic N to the marine atmosphere over the North Atlantic, despite downwind transport from large pollution sources in North America. This, in conjunction with previous work on ammonium and nitrate, leads to the conclusion that only 27% of total N deposition to the global ocean is anthropogenic, in contrast to the 80% estimated previously.
Global models estimate that the anthropogenic component of atmospheric nitrogen (N) deposition to the ocean accounts for up to a third of the ocean's external N supply and 10% of anthropogenic CO 2 uptake. However, there are few observational constraints from the marine atmospheric environment to validate these findings. Due to the paucity of atmospheric organic N data, the largest uncertainties related to atmospheric N deposition are the sources and cycling of organic N, which is 20-80% of total N deposition. We studied the concentration and chemical composition of rainwater and aerosol organic N collected on the island of Bermuda in the western North Atlantic Ocean over 18 mo. Here, we show that the water-soluble organic N concentration ([WSON] ) in marine aerosol is strongly correlated with surface ocean primary productivity and wind speed, suggesting a marine biogenic source for aerosol WSON. The chemical composition of high-[WSON] aerosols also indicates a primary marine source. We find that the WSON in marine rain is compositionally different from that in concurrently collected aerosols, suggesting that in-cloud scavenging (as opposed to below-cloud "washout") is the main contributor to rain WSON. We conclude that anthropogenic activity is not a significant source of organic N to the marine atmosphere over the North Atlantic, despite downwind transport from large pollution sources in North America. This, in conjunction with previous work on ammonium and nitrate, leads to the conclusion that only 27% of total N deposition to the global ocean is anthropogenic, in contrast to the 80% estimated previously.
organic nitrogen | marine atmosphere | rain | aerosol | atmospheric deposition H uman activities contribute substantially to the reactive nitrogen (N) load in the atmosphere over the continents (1) , and modeling estimates suggest that transport of this anthropogenic N to the ocean may account for up to a third of the ocean's external N supply (1) . If so, anthropogenic N emissions on land may significantly influence open ocean biogeochemistry. However, our assessment of the role of anthropogenic N deposition to the open ocean currently relies on poorly tested assumptions regarding the origins of the "fixed" (biologically available) N deposition measured in the marine atmosphere. In particular, the complex mixture of hundreds of organic N compounds can represent 20-80% of total N deposition over the ocean (2) , but there is a paucity of information on its sources, chemistry, and environmental impact. Thus, organic N represents the largest uncertainty related to total atmospheric N deposition (including nitrate, ammonium, and organic N). The water-soluble organic N (WSON) contribution is typically parameterized as averaging 30% of the total N deposition on a global basis (3) , and it is generally assumed that 48-80% of WSON globally derives from anthropogenic sources (1, 4) . Here, we used 18 mo of eventbased rain and weekly size-segregated aerosol collections from Bermuda (32.27°N, 64.87°W), an island located downwind of the North American continent where N emissions are dominated by anthropogenic sources, to quantify the contribution of organic N to total N deposition in the subtropical North Atlantic region and to investigate anthropogenic/continental versus marine sources. All samples were analyzed for the concentration of ammonium (NH 4 + ), nitrate (NO 3 − ), total N, and non-sea-salt sulfate (nss-SO 4 2− ). These samples were previously analyzed for the concentration and N isotopic composition of NH ) in rain and aerosol, which are discussed below but detailed in other publications (5) (6) (7) . A subset of event-based rain (n = 12) and weekly aerosol (n = 20) samples were analyzed for the N isotopic composition of total N (δ 15 N−TN; allowing for the calculation of δ 15 N−WSON by mass balance) and for chemical composition by ultra-high-resolution Fourier transform-ion cyclotron resonance mass spectrometry (FT-ICR MS).
The aerosol WSON had an average concentration of 7.5 ± 13.7 nmol·m −3 (numerical average ± SD; n = 38 wk) and a median concentration of 1.3 nmol·m −3 . For a given week's collection, the fine mode (<1.0 μm) was always higher in concentration than the coarse mode (>1.0 μm) (Table S1 ). There were multiple instances of elevated WSON concentration ([WSON]), reaching as high as 54.7 nmol·m −3 . These elevated concentrations are of the same order of magnitude as polluted (8) and forested (9) sites in North America and in the biomass burning season of the Amazon (10), although they are lower than concentrations reported in heavily polluted regions of China (132− 180 nmol·m 
Significance
Global models indicate that the human-derived nitrogen emissions that reach the ocean through atmospheric transport and deposition directly impact biology and the oceanic carbon dioxide (CO 2 ) sink. Here, we find that the organic nitrogen in marine aerosols derives predominantly from biological production in the surface ocean rather than from pollution on land. Our previous work has shown significant anthropogenic influence on North Atlantic nitrate deposition, whereas ammonium cycles dynamically between the upper ocean and lower atmosphere. Collectively, these findings indicate that the ocean is not a passive recipient of anthropogenic nitrogen deposition, as it has previously been considered. This implies that the contribution of atmospheric nitrogen deposition to ocean fertility, oceanic CO 2 removal, and nitrous oxide emissions has been overestimated.
are of marine origin (5, 12, 13) . This might lead one to conclude that, as with NO 3 − deposition (5, 6, 12) , cool season WSON in the atmosphere near Bermuda is largely transported from North America. However, our dataset suggests that high-[WSON] aerosols instead derive from episodes of high biological activity in the surface ocean. This has implications for existing estimates of anthropogenic organic N deposition to the subtropical North Atlantic and demonstrates the importance of N cycling between the ocean and the marine atmosphere.
Results and Discussion
Aerosol WSON and Surface Ocean Productivity at Bermuda. The Bermuda Atlantic Time-series Study (BATS) site, located ∼85 km southeast of Bermuda, is one of the best-studied representations of the subtropical ocean, which constitutes >50% of global ocean surface area. We observe a strong positive linear relationship of aerosol [WSON] at Bermuda with rates of surface ocean gross primary productivity (GPP) measured at BATS (bats.bios.edu) (r 2 = 0.685, P value < 0.001; Fig. 1A ) and a positive exponential relationship with wind speed (r 2 = 0.359, P value < 0.001; indicated by the colors in Fig. 1A) .
To explain these observations, we hypothesize that aerosol organic N derives primarily from active biological cycling in the surface ocean, with wind speed providing a physical mechanism for aerosol generation. During the winter and spring at BATS, low sea surface temperatures (SST) and high wind stresses drive deep mixing events that entrain subsurface nutrients into the sunlit upper ocean, supporting high rates of primary productivity by phytoplankton (14) . We propose that, under these conditions, biologically derived organic N can be freely exchanged between the surface ocean and atmosphere, driving high aerosol [WSON] . By contrast, the summer is characterized by high SST, low wind stress, and lower productivity, potentially rendering the surface ocean a less important source of organic N to the atmosphere during that season.
Chlorophyll-a has long been considered the best oceanic parameter for predicting organic carbon enrichments in marine aerosols, with correlation coefficients (r 2 values) ranging from 0.55 to 0.66 depending on the temporal and spatial resolution of the satellite derived chlorophyll-a (15) (16) (17) . Using the chlorophyll-a data from the monthly BATS time series cruises in conjunction with weekly aerosol measurements over 18 mo, we find that surface chlorophyll-a is a weak predictor of atmospheric [WSON] at Bermuda (Fig. 1B) . This is likely because the relationship between phytoplankton chlorophyll-a content and biological activity can be decoupled by the complex interactions of light, nutrients, and temperature (e.g., refs. 14 and 18).
Moreover, chlorophyll-a is a proxy for phytoplankton biomass only, whereas GPP drives biological activity in general [e.g., phytoplankton growth followed by zooplankton grazing and heterotrophic bacterial activity (14) ]. In these regards, the stronger correlation of [WSON] with GPP is not surprising.
It has recently been suggested that the large reservoir of mostly recalcitrant dissolved organic carbon (DOC) in the surface ocean is a better predictor of marine contributions to aerosol organic carbon than is chlorophyll-a (19). Quinn et al. (19) hypothesize that DOC is the sole source of marine aerosol organic carbon, with physical mechanisms (i.e., wind) determining the extent of this enrichment, and local biological activity not playing a significant role. At BATS, the surface concentration of dissolved organic N (DON) is high and relatively stable throughout the year [∼4 μM (20) ]. Thus, DON might be hypothesized to represent an ever-present potential source of organic N to the lower marine atmosphere that is accessed only when wind speeds are adequately high to drive efflux. However, our dataset does not support a similar role for recalcitrant DON. Table S2 ), as well as low- [WSON] samples that were collected when wind speeds were high but GPP was low (e.g., August 10, 2011; Table S2 ). The data thus suggest that although wind speeds must average above 8 m/s over the sampling time frame to efflux organic N out of the surface ocean, biological activity (as quantified by GPP), not the concentration of bulk DON, determines the availability of organic N for efflux.
No relationship is observed between aerosol [WSON] and surface ocean particulate organic N (PON) ( Fig. 1C ; r 2 = 0.05). Given the small quantity of PON typical of surface waters at BATS (∼3-6 μg/kg; bats.bios.edu), its concentration would be expected to vary with aerosol [WSON] if the bulk PON standing stock were a significant source of organic N to the atmosphere. The lack of relationship with bulk DON and PON further supports the hypothesis that active biological cycling leads to newly produced, highly reactive, and potentially more volatile organic N, which is supplied to the marine atmosphere. Globally applied chlorophyll-a source functions predict marine organic aerosol of 2.8-5.8 Tg C·yr −1 (21) , which are much lower than top-down estimates of 29-50 Tg C·yr −1 (22) , and improving these parameterizations is a focus of global modelers. Our results suggest that the use of surface ocean GPP and wind speed data would improve the parameterization of global organic N aerosol fluxes in models.
A B C Chemical Composition of Marine Aerosol WSON. In an effort to better distinguish the sources of WSON, the compound-level chemical composition of aerosol and rainwater WSON was investigated. WSON is a complex mixture of hundreds of compounds. The large amount of information inherent in ultra-highresolution electrospray ionization (ESI) FT-ICR MS (e.g., each sample had, on average, 750 organic N compounds identified) lends itself to multivariate statistical comparisons, including an ordination technique for nonnormally distributed data, nonmetric multidimensional scaling (NMS), hierarchical cluster analysis and indicator species analysis (ISA). Findings from both the NMS and hierarchical cluster analysis suggest that the aerosol samples fall into two distinct compositional groups (Fig. 2) . Despite this distinction within the aerosols, the aerosols as a group are highly distinct in composition from the rain, even when collected on the same day ( Fig. 2; discussed below) .
NMS analysis of the aerosol samples was used to discern the possible environmental drivers of the differences in the two groups of aerosols ( Fig. 3A and Table S3 ). Ammonium (NH 4 + ) concentration and date of collection are highly correlated with dimension 1 (56% of variance explained; r 2 = 0.77 and 0.67, respectively). Non-sea-salt sulfate (nss-SO 4 2− ) concentration and δ 15 N−NH 4 + (per mil vs. N 2 in air) are correlated with dimension 3 (29% of variance explained; r 2 = 0.48 and 0.37, respectively). The ISA analysis provides compound-specific information on what drives the compositional differences between the two groups (Fig. 3B) . ISA identifies m/zs that are present in high abundance and unique to the aerosol samples in group 1 versus aerosol samples in group 2. Group 1 aerosol indicator m/zs (n = 131) are higher in molecular weight, total N content, H:C, N:C, and double bond equivalents (DBE; number of rings + number (Table 1) .
Two scenarios can explain the concentration and composition data, as well as the strong relationships among WSON composition, aerosol NH 4 + , and nss-SO 4 2− concentration, and
. First, WSON may be composed of primary organic N compounds that are emitted from the ocean in an analogous manner to oceanic ammonia emissions (23) and dimethyl and diethyl amine emissions (24) . The properties of group 1 indicator m/zs suggest that group 1 aerosols are composed of relatively fresh primary organic matter. We conclude that they must derive from a marine source, as there exists no primary anthropogenic source in the North Atlantic near Bermuda (25) . This is supported by the higher average [WSON] of group 1 aerosols compared with group 2 (Table 1) .
Second, WSON may be formed through secondary reactions of volatile organic compounds in the presence of fine-mode ammonium sulfate aerosols, the dominant form of aerosol NH 4 + in the marine environment, forming N-containing organic compounds. This is analogous to known mechanisms in polluted environments such as the formation of substituted imidazoles, imines, and N-containing oligomers during reactions of glyoxal (26) and methylglyoxal (27) with ammonium sulfate. This is consistent with the properties of the group 2 aerosols. Group 2 indicator m/zs suggest greater atmospheric aging and oxidation [e.g., increase in O:C, decrease in H:C and aromatics (28)]. Group 2 aerosols occur primarily during the warm season (April to September) when air masses stagnate around the island and the longer days provide an environment conducive to oxidation and aging (i.e., photochemistry), with little anthropogenic influence. The lack of anthropogenic inorganic N precursors and the stagnant air mass back trajectories (AMBTs) are consistent with group 2 aerosols having a marine-sourced NH 4 + as the inorganic N precursor. Moreover, measurements of δ (29) , the large contribution of amine salts and amino acids in marine aerosols (24) , and the evidence that the surface ocean is the dominant source of ammonia to the marine atmosphere at Bermuda (7, 23) . The prevalence of reduced-N compounds is also consistent with previous work showing that 29-75% of rain and aerosol WSON is bioavailable (30, 31) . To summarize, the NMS and ISA data are consistent with high-[WSON] aerosols having a primary marine source (Fig. 3) Sources of Organic N in Marine Rain. Unlike aerosols, rain contains WSON with a chemical composition indicative of both anthropogenic and marine sources, consistent with previous work at Bermuda (29) . At the highest level, cluster analysis resulted in two distinct groups, one composed solely of rain samples and one composed solely of aerosol samples (black diagonal lines, Fig.  2B ), even for rain and aerosol samples collected on the same day. In addition, the rain and aerosol samples fall into two distinct quadrants in the NMS analysis ( Fig. 2A) . In general, rainwater organic matter derives from a combination of rainout, which occurs within the cloud (i.e., condensation of water vapor on aerosol particles and incorporation of gases and aerosol particles into cloud droplets, all influenced by in-cloud chemistry), and washout, which includes all below-cloud scavenging of aerosol particles and gases (ref. 32 and references therein). The relative removal of pollutants via rainout and washout is highly uncertain and compound-dependent (33) , and the thousands of compounds that contribute to atmospheric organic matter render it challenging to predict the dominant wet removal process for aerosol WSON. In addition, we find that the aerosol WSON is primarily present in fine-mode particles, which is the size range associated with the "scavenging gap" that makes below-cloud scavenging inefficient (33) . The separation of rainwater and aerosol organic N in the hierarchical clustering and NMS analysis and the dominance of fine-mode aerosol organic N suggest that the contribution of washout to rain WSON is small. This is consistent with a previous estimate that washout contributes only ∼30% to total aerosol mass in rainwater (34) .
Implications for Estimates of Atmospheric N Deposition to the Ocean.
We present, to our knowledge, the first estimate of the flux of atmospheric WSON to the ocean based on long-term measurements at an oceanic site. Based on the [WSON] from 38 wk of aerosol samples and 77 rain events measured at Bermuda, the calculated WSON flux (wet + dry) to the North Atlantic is 0.68 Tg N·y (Table 2 ). Scaled to the global ocean for comparison with model estimates, the calculated WSON The average ±1 SD (n) concentration and percent contribution to total N (WSON/WSON + NO 3 − + NO 2 − + NH 4 + ) in aerosols is binned by season. The average concentration of aerosol WSON is also shown for group 1 and 2, as defined in Chemical Composition of Marine Aerosol WSON and labeled on Fig. 2 . The average ±1 SD (n) concentration, and percent contribution of WSON to total N in rain binned by AMBT and for the entire dataset, are also listed. *Indicates that warm vs. cool and group 1 vs. group 2 are statistically different, independent t test, P < 0.0005.
† Indicates that marine vs. continental AMBT are statistically different, independent t test, P < 0.0075.
total flux (wet + dry) to the global ocean is 18.7 Tg N·y −1 ( Table 2) . This is remarkably similar to previous model estimates of 20 Tg N·y −1 (1) and 15.9 Tg N·y −1 (4), although our observed WSON only accounts for 19% of the total N flux to the ocean at Bermuda, compared with the 30% typically used to parameterize organic N (1, 2).
For dry deposition, the chemical composition and the relationship of aerosol [WSON] to oceanic GPP and wind speed presented here suggest that the aerosol WSON is dominated by marine biogenic sources. Rain WSON with continental AMBTs is the only anthropogenic contributor to the total WSON flux (Fig. 4 and Table S4 ) (29) , such that 2.8 Tg N·y −1 of the total 18.7 Tg N·y −1 of WSON is anthropogenic, i.e., 17%. This is significantly lower than the two prevailing global model estimates of organic N deposition to the ocean from anthropogenic sources of 80% (1) and 48% (4) ( Table 2) . Previous work on the concentration and N and O stable isotopic composition of NO 3 − in rain at Bermuda showed that rain NO 3 − with continental AMBTs had anthropogenic sources (5) ( Table S4) . WSON with continental AMBTs, in the same rain samples from Bermuda as the NO 3 − , also has anthropogenic sources (29) (SI Text and Table S5 ). By contrast, NH 4 + in these samples is dominated by marine sources regardless of AMBT or season (7) . The total flux of NO 3 − and WSON with continental AMBTs is 14.4 Tg N·y , which we take to be the anthropogenic N flux in rain at Bermuda (Fig. 4) . The total wet deposition flux at Bermuda is 48.3 Tg N·y ; thus, 30% of the total wet N flux can be considered anthropogenic.
As in the case of the rain samples described above, previous work on the concentration and N and O stable isotopic composition of aerosol NO 3 − at Bermuda, measured in the same samples as the organic N data presented here, has shown that NO 3 − with continental AMBTs derives from anthropogenic sources (6) ( Table S4) . Until a more detailed analysis can be conducted for the NH 4 + isotopic composition of aerosol samples, the source of NH 4 + aerosol is assumed to be anthropogenic during the cool season, when air masses predominantly come from North America, and biogenic during the warm season, when air masses stagnate around the island of Bermuda. Given the evidence that NH 4 + in rainfall is predominantly marine in origin (7), the above assumption likely represents a bias toward overestimating the anthropogenic N input to deposition at Bermuda. By summing the aerosol N fluxes that we know or assume to derive from anthropogenic sources, we calculate that the total anthropogenic contribution to dry deposition at Bermuda is 12.5 Tg N·y −1 (Fig. 4) Table 2 ).
Conclusions
Bermuda is downwind of a major pollution zone in North America such that extrapolating the results from this region to global estimates should lead to a higher value for the anthropogenic component of global N deposition, not a significantly lower value as we report. Furthermore, recent work has shown that the surface ocean is also a source of ammonia to marine rain at Bermuda, regardless of season or air mass history (7). This is particularly interesting given the evidence presented here and elsewhere (29) suggesting that NH 4 + , not NO 3 − , is the key precursor to forming organic N compounds in the marine atmosphere. The amount of NH 4 + (7) and organic N deposition at Bermuda suggested by the time series data reconciles well with the modeling estimates, but the percent contribution of anthropogenic vs. natural sources appears to be systematically overestimated in the models. Truly remote open ocean N deposition will likely have an even smaller anthropogenic component. We thus suggest that the traditional paradigm whereby the ocean is considered a passive recipient of anthropogenic N deposition is overly simplified. Instead, as we have shown, the dynamic biogeochemical cycling of the surface ocean can influence the lower atmosphere, serving as a source of aerosol organic N and NH 4 + (7). The importance of anthropogenic N deposition as an external source of N to the ocean and its resulting contribution to new marine biological production, anthropogenic CO 2 drawdown, and nitrous oxide emissions are thus likely also overestimated (1) .
In sum, we present the most significant dataset on the chemical composition and concentration of rain and aerosol WSON in the marine environment to date. This work highlights the need for further investigation of the relationships among N species in the surface ocean and lower atmosphere, both in the subtropics and in other marine environments, to better understand the human impact on the marine atmosphere and surface ocean, with important implications for climate and marine ecosystem health.
Methods
Event-based rainwater was collected from station Prospect and the Tudor Hill Marine Atmospheric Observatory on Bermuda, filtered, and frozen at −20°C as described in refs. 5, 7, and 29. Aerosol samples were collected weekly using a six-stage cascade impactor (Tisch 236 High Volume Cascade Impactor) fitted with precombusted glass fiber filters on stages 1-5 and a Whatman-41 filter on the backup stage. The impactor was mounted on the Tudor Hill Marine Table S4 .
Atmospheric Observatory (32.27°N, 64.87°W ) on Bermuda. The impactor's pump is sector-controlled and turns on only when the winds are blowing from the ocean, and not from the island of Bermuda. Filters were deployed for 7 d, then removed and frozen until extraction into aqueous solution. The aqueous extracts were then analyzed in the same manner as the rain samples.
For O isotope ratios were determined using the denitrifier method as described in ref. 5 . Total dissolved N (TDN) concentrations were measured using the Antek 7000 TN Analyzer, and WSON was determined as the difference between TDN and the sum of inorganic N,
The volume-weighted average rain concentration was converted to a flux using a precipitation rate of 1 mm·d −1 and the area of the global ocean as 361 million km 2 . Aerosol concentrations were converted to depositional fluxes using depositional velocities for coarse-mode aerosols for NO 3 − and fine-mode aerosols for NH 4 + and WSON (35) . A subset of rain and aerosol samples was analyzed for TDN−δ 15 N via the persulfate−denitrifier method (20) . The δ 15 N of WSON was calculated by the mass-weighted subtraction of the δ 15 N of the inorganic N species from TDN−δ 15 N. The same sample subset was analyzed with a 7-T electrospray ionization Fourier transform ion cyclotron resonance mass spectrometer (ThermoFinnigan LTQ-XL, Woods Hole Oceanographic Institution Fourier Transform Mass Spectrometry Facility) operated in the positive ion mode. Scans were acquired and processed as described in ref. 29 . Cluster analysis was performed on the data matrix using Bray−Curtis distance measures combined with Ward's linkage method. NMS was used to reduce the comparisons between samples from multidimensions to fewer dimensions. The differences are presented graphically, such that samples that are closer together in space are more similar than samples located farther apart. The proportion of variation in each axis is assessed with a Mantel test that calculates the r 2 between distances in the ordination space and distance in the original space. ISA is used to identify indicator values, which are the multiplication product of the relative abundance and the relative frequency of an m/z value. High indicator value m/zs must be present in most samples within the group and have high peak height values. The aerosol samples were assigned to groups based on the cluster analysis and the NMS, which both clearly showed two dominant groups of aerosols. Multivariate statistical analyses were conducted using PCOrd v 5.4.
Monthly-resolved surface (i.e., upper 5-10 m) chlorophyll-a and GPP data for the time period of our study were provided by the BATS program (bats. bios.edu). Samples are collected onboard the R/V Atlantic Explorer from the BATS station (31°40'N, 64°10'W) located in the open subtropical North Atlantic Ocean, ∼85 km southeast of Bermuda. Briefly, chlorophyll-a is analyzed by HPLC, and GPP is calculated from the incorporation of H 14 CO 3 − into biomass during dawn-to-dusk (24 h) incubations at in situ temperature and light (14) . We used GPP rather than net primary production (NPP, equivalent to GPP minus phytoplankton respiration) in our analysis because our interest lies in comparing biological activity in general with aerosol [WSON] . In any case, although NPP is typically lower than GPP at BATS, NPP and GPP always show the same general trends (bats.bios.edu). Although the BATS cruises occur monthly (and sometimes even bimonthly), the aerosol and rainwater sampling intervals did not always fully coincide with a single BATS cruise. In such cases, we averaged the GPP and chlorophyll-a data from the two nearest cruises, weighting the average by the number of days after the first cruise and before the second. For example, if an aerosol sample was collected 15 d after cruise A and 5 d before cruise B, the average GPP and chlorophyll-a data were weighted by 0.25 × cruise A and 0.75 × cruise B.
